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CERTAIN RELATIONS BETWEEN THE PARATHYROIDS,
THE HYPOPHYSIS AND THE PANCREAS*
BY BERNARDO A. HOUSSAY, M.D.\s=d\
THE present paper will deal only with themanner in which the hypophysis and the
pancreas can influence the structure and func-
tion of the parathyroids, rather than attempt
to consider all of the many relationships which
may exist between these glands or their secre-
tory products. It may be noted here that the
parathyroids, due to their small size, are fre-
quently overlooked in postmortem examinations;
also the microscopical alterations may be passed
by, as frequently they are not easy to inter-
pret. These facts explain to a certain extent
why the histophysiology of these glands is less
well known than that of others.
In 1930 Lascano Gonzalez, in our Institute,
found pronounced lesions in the parathyroids
of dogs whose pituitary and pancreas had been
removed.37'38,42 This finding led us to study
the microscopical aspect of the parathyroids and
also the blood calcium of (a) hypophysectomized,
(b) pancreatectomized and (c) hypophysec-
tomized-pancreatectomized dogs.
THE PARATHYROIDS IN PITUITARY INSUFFICIENCY
Morphology. The development and the mainte-
nance of the normal structure and function of
the endocrine glands (thyroids, gonads, adrenal
cortex, parathyroids, thymus, etc.) are condi-
tioned by the anterior pituitary, and hypophy-
sectomy results in abnormal changes. In the
case of the parathyroids hypophysectomy is
followed by regressive lesions which can be seen
microscopically, but it is difficult to determine
whether the total mass of parathyroid tissue
is reduced. Smith79 found a diminution of the
total amount of epithelial bodies in hypophysec-
tomized tadpoles, but apparently there was no
marked alteration in their structure. Smith79
stated that atrophy of the parathyroids occurred
in hypophysectomized rats, but in a later paper80
he did not mention this condition, and Collip13
was unable to confirm the observation. In the
subtotally hypophysectomized hen no modifica-
tions have been found ;61 and in the hypophysec-
tomized rabbit there are only slight changes,
mainly a decrease in the size of the cells.85
Livon and Peyron,53 Aschner,4 and Collip,18 saw
no changes in the parathyroids of hypophysec-
tomized dogs; on the other hand Koster and
Geesink47 mention having found these glands
atrophied, but give no further data on this sub-
ject.
We have been unable to find any reports on
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the structure of the parathyroids in human cases
of pituitary insufficiency.
Lesions of the parathyroids have been re-
ported in several papers published from our
Institute since 1930. Up to date these glands
have been examined' in forty-two normal dogs,
forty-six hypophysectomized, three hypophysec-
tomized-thyroidectomized and in sixteen with
lesions of the tuber cinereum.
The parathyroids of the normal, craniotomized
controls have a massive, reticular or lobulated
structure. The cells are polygonal or globulous
and the majority have a clear or only slightly
granular protoplasm. In some glands, especial-
ly near the surface, groups of dark staining nu-
clei are found so closely packed together that
no protoplasm can be seen around them (Syn-
citium-ahnliche Zellgrupen). The connective
tissue is scarce and in it are seen very fine blood
vessels.
The first alterations occurring in the para-
thyroids of hypophysectomized dogs consist of
the following phenomena: the cells decrease
in size; the protoplasm becomes dark and gran-
ular, and its borders are no longer clearly
marked; the nuclei are also reduced in size and
the cells are more closely packed, so that they
separate from the connective tissue stroma.
This gives the structure of the gland a trabecu-
lar or cord-like aspect. Later the protoplasm
atrophies and finally disappears almost com-
pletely, leaving the nuclei in rows or heaps. It
is important to note that these modifications are
found only in certain parts of the gland, e.g.,
at one of its poles or sides. In the most advanced
degree the protoplasm disappears and only rows
of nuclei are left, the meshes of the connective
tissue stroma become prominent, and the blood
vessels are dilated and sometimes surrounded
by a fibrous sheath. In parts of the gland the
degeneration of the epithelial cells may be so
complete that acellular structureless- zones of
irregular dimensions and of granular aspect are
formed; these stain a rosy violet color.
These alterations are not uniformly distribut-
ed, so that in any one animal some of the glands
may be almost normal while others may show
severe lesions. In the same gland normal and
modified regions are to be found side by side.
The morphological changes first appear five to
fourteen days after hypophysectomy; they then
spread and finally become stabilized. The fol-
lowing degrees may be differentiated (figure 1) :
(a) Slight: uniform cellular atrophy, few groups
of closely packed nuclei, trabecular struc-
ture. (Figure 2A.)
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FIG. 1.
Sections through the parathyroid glands of dogs to show
the normal structure, A, and the different degrees of alteration
following hypophysectomy, namely, slight modification, B ; medi-
um, C; and intense, D.
(b) Medium: large groups of closely packed
nuclei, disappearance of numerous cells,
trabeculae of cord-like structure.
(c) Intense: numerous groups of closely packed
nuclei, disappearance of many cells, cord-
like structure, thick connective tissue tra-
beculae. (Figure 2B.)
(d) Very intense: -numerous groups of closely
packed nuclei, large fields without cells,
cord-like structure, abundant connective tis-
sue, numerous and large blood vessels. (Fig-
ure 2C.)
The lesion consists of a simple, progressive
atrophy of the cells, with pyknosis and slow dis-
integration of nuclei. The decrease and retrac-
tion of the parenchyma make the connective tis-
sue become more apparent. There is no reduc-
tion in the blood supply, on the contrary the
blood vessels are large and numerous. There
is no granular, fatty or colloidal degeneration.
There are no signs of compensatory hyperpla-
sia. The most characteristic features are the
global atrophy with darkening of the proto-
plasm, the accumulation of nuclei (in 66 per
cent), the structureless zones, and the great
irregularity of the lesions which leave large
parts of the gland with little or no alterations.
This last fact explains why these animals do not
have hypocalcemia. To interpret these lesions
it is necessary to examine many cases, make nu-
merous sections of each gland and acquire ex-
perience in the study of this tissue. If a care-
ful examination is not made, characteristic le-
sions, obvious to a skilled observer, may be
passed over.
In our series of dogs the following alterations
were found:
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We have not been able to counteract these
effects by the administration of anterior pitui-
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FIG. 2.
Sections through the parathyroids of hypophysectomized dogs
showing, A, syncytium-like groupings of cells; B, acellular
zones; and C, combined syncytium-like grouping and acellular
zones.
tary lobe extract, though it has been tried
in many cases. It is possible that the doses em-
ployed were not sufficient or that the activity of
the extract was inadequate.
Calcemia, In spite of the lesions in the para-
thyroids the plasma calcium was normal in the
forty-seven hypophysectomized dogs so far stud-
ied in our Institute,20, **•56,57, 00* the average be-
ing 10.67 Mgm. per 100 cc. in the operated and
10.7 Mgm. per 100 cc. in the controls. In rats
also normal values have been found.17'84 In two
pigeons there was a slight decrease.71 In rab-
bits hypophysectomy is followed by a slight
increase,50 but irradiation of the pituitary suffi-
cient to damage the gland does not alter the
blood calcium.10 The toad Xenopus levis has a
low blood calcium after extirpation of the prin-
cipal lobe of the pituitary13'3B'78 and after
gonadectomy.
Parathyroid extract increases the blood cal-
cium of hypophysectomized rats76 and pigeons71
to the same degree as it does in normal controls.
It also produces a similar proliferation of osteo-
blasts and new bone formation in hypophysec-
tomized rats as in normal controls.76 Hypophy-
sectomized rats, however, show a tendency to
a negative calcium balance, which is counter-
acted by growth-promoting pituitary extract.68
On the other hand, the thyrotropic extract24,68
and thyroid administration increase the fecal
excretion of calcium with the rise in the total
metabolism.
THE PARATHYROIDS IN HYPERPITUITARISM
Parathyrolropic action of anterior pituitary ex-
tract. Anselmino, Hoffmann and Herold3 have
shown that anterior pituitary extract produces
a considerable enlargement of the parathyroids
in rats. There is hyperemia, increase in the
number and size of the clear cells, decrease of
the dark cells and disappearance of oxyphilic
cells, f The same effect is obtained with the al-
coholic precipitate of pregnancy urine, which
has no thyrotropic activity. Hypertrophy and
hyperplasia of the parathyroids have also been
obtained in rabbits by the injection of preg-
nancy urine (Hertz and Kranes, 1934). We
have seen this occur in less than half of the dogs
injected with anterior pituitary extract (1.4
Gm. per Kgm. per diem of fresh bovine an-
terior lobe for one week). An increase of the
blood calcium lasting several hours has been
observed in the dogs injected with this extract,
but it does not occur if the thyroids and para-
thyroids have been removed.3,34,56,57,83t The
*In two hypophysectomized dogs Koster and Geesink47 found
a lower blood calcium than in their control animals. Since the
values in the latter were 13 to 14.2 Mgm. per 100 cc. the observa-
tions are hardly significant. Nishida63 found 10.41 Mgm. in
hypophysectomized dogs and 9.97 Mgm. per 100 cc. in the con-
trols.
fAnselmino and Hoffmann have had the kindness to send me
their microscopical preparations.
tThis has also been found in the cat77 and in Xenopus levis,™
but in the rat there is no rise in the blood calcium following
this treatment.
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parathyrotropic factor has not been completely
separated from other hormones but it is known
that it is not ultrafiltrable and that it is de-
stroyed by boiling.  
The gonadotropic extract aggravates tetany
and decreases the blood calcium of thyro-para-
thyroidectomized bitches, due to the increased
secretion of estrin.69
Hyperparathyroidism. In seventeen out of
101 published cases of hyperparathyroidism an
enlargement of more than one of the parathy-
roids has been reported. This fact has led to
the belief that a stimulating action of the an-
terior pituitary may be a factor in the etiology
of these cases.1 Of special significance is the
finding by Hertz and Albright30 that the in-
jection of urine from patients with multiple
parathyroid hyperplasia is capable of produc-
ing parathyroid hyperplasia in rabbits. Urine
injection from cases of parathyroid adenoma,
does not produce this change.
Human hyperpituitarism. In cases of acro-
megaly some observers have seen enlarge-
ment6, 16,25,70 or adenomas12,21-27,45 of the para-
thyroids. Cushing and Davidoff21 noted
a marked proliferative activity in one case
and parathyroid adenomas in two others. In
various postmortem examinations of acromeg-
alics, abnormalities of the parathyroids have
been reported. In one curious case of chromo-
phobe adenoma of the pituitary, Lloyd54 found
a simultaneous enlargement of the parathyroids
and of the islets of Langerhans. In Cushing's
disease cervico-dorsal kyphosis forms part of
the syndrome. Osteoporosis and decalcification
have been reported in fourteen out of twenty-
four cases with postmortem examination in the
literature. In nine of the fourteen cases col-
lected by Cushing20 there were spontaneous
fractures, and osteomalacia was present in six.
The condition of the parathyroids is men-
tioned in fourteen of the twenty-four cases
which we have found reported with a postmor-
tem examination: in three cases there was an
adenoma,33'51-62'75 in three the glands were en-
larged,20' 49' 60 in six they were normal,2' 16' 19'
65> 73 and in one they were atrophied.82 Lipoma-
tosis associated with other lesions was present
in three of these cases and unassociated with
other lesions in twenty others.20'49' "•69, "• 74' 82
Cushing20 believes that the basophile adenoma
of the pituitary produces a state of hyperpara-
thyroidism which in its turn causes the bone le-
sions; Hoff,33 on the other hand, thinks that
in his case the pituitary adenoma was second-
ary to the hyperparathyroidism. Cushing's
opinion meets with various objections: in most
of the cases studied up to now lesions due to
parathyroid hyperfunction have not been dem-
onstrated ; the bony lesions differ from thpse of
hyperparathyroidism; similar bony lesions have
been found in cases of primary hyperinter-
renalism; the blood calcium and inorganic phos-
phorus have been found to be normal, or the
calcium slightlv diminished and the phosphorus
slightly increased.6' ' »•32' «• "• " "•81 The neg-
ative calcium balance, observed by Aub in one
of Cushing's cases, is common to various bone
diseases.6
In one of Cushing's cases Aub observed a
marked amelioration of all symptoms, includ-
ing those related to the skeletal system, follow-
ing irradiation of the hypophyseal region. The
negative calcium balance was also diminished.
THE PITUITARY AND PARATHYROID TETANY
Caselli, in 1900, reported that extirpation of
the pituitary in dogs suffering from tetany due
to parathyroid insufficiency caused a more rapid
death without alteration of the symptoms. We
removed the thyroids and parathyroids in eight
hypophysectomized dogs and found that they
developed tetany and died similarly to normal
dogs which were thyro-parathyroidectomized.
Extract of the whole pituitary gland or of
the posterior pituitary can transitorily calm the
tetany11,36,40'64'66 after an initial exacerbation
of the symptoms. The mechanism of this ac-
tion is not clear, since these extracts do not pre-
vent the reappearance of attacks of tetany or
the lethal termination of the condition. We
could neither prevent nor cure tetany in thyro-
parathyroidectomized dogs, nor prevent the fall
in blood calcium, by injecting large doses of an
alkaline pituitary extract intraperitoneally for
two to three days before or after the onset of
tetany.
THE PARATHYROIDS IN PANCREATIC
INSUFFICIENCY
Morphology. With R. Sammartino, we have
studied the parathyroids of twenty-nine totally
pancreatectomized and eight partially pan-
createctomized clogs. After one to three days
with no insulin the cells of the parathyroids
become vacuolated and appear large and clear.
(Figure 3.) The vacuoles appear first near the
connective tissue trabeculae, following which
they increase in size and coalesce. Later the
protoplasm liquefies and disintegrates, the nu-
clei come closer together and form rows con-
tiguous to the trabeculae, and the gland assumes
a tubular aspect. In some cells there are also
nuclear changes.
When the condition is more intense, the gland
decreases in size and presents either an insular
or a cord-like structure, due to the decrease in
the volume of the cells and the approximation
of the nuclei to each other. Some of the latter
become pyknotic.
These lesions occur early, are intense, and af-
fect the whole gland. (Figure 4.) The syn-
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Sections thiough the parathyroid glands of dogs showingA, the normal cytological structure and, B, C, D and E, the
progressive stages in the vacuolization and protoplasmic lique-
faction which follows pancreatectomy.
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Sections through the parathyroid glands of dogs.
A. Normal.
B. Following pancreatectomy, showing the insular and cord-
like structure.
cytium-like accumulations which occur frequent-
ly in hypophysectomized animals (66 per cent)
are as infrequent in the pancreatectomized (two
out of twenty-nine) as in the normals (10 per
cent). In contrast with the hypophysectomized
animals, where there is a global atrophy of the
cells, in the pancreatectomized there is vacuoliza-
tion and disintegration of the protoplasm.
r
Calcemia. The determinations made in our
Institute on forty pancreatectomized dogs by
Marenzi and Gerschman57'5S show that blood
calcium decreases from the normal level of 10-
11.5 Mgm. per 100 cc. of plasma to 8.2-10.5
Mgm. in four days and to 7.3-9.6 Mgm. in seven
days. Determinations on twelve dogs showed
that in two it fell to 9.2-9.3, in six to 8.1-8.8 and
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Sections through the parathyroids of hypophysectomized-
pancreatectomized dogs.
A. Low magnification, showing the general structure: at 8
there are atrophic zones and syncytium-like groupings of cells;
at C occur areas of vacuolated and clear cells.
B. Higher magnification, showing the acellular zones and
syncytium-like groupings.
C. Magnification as in B, showing clear and vacuolated cells.
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in four to 7.3-7.6, the average being 8.2 Mgm.
per 100 cc. plasma. The decrease in blood cal-
cium depends on the intensity of the diabetes
and is less marked and occurs more slowly or
may even be absent if the pancreatectomy is
subtotal.
There is also an increase in the inorganic
phosphorus which may reach 14 Mgm. per 100
cc. of plasma (the average is 8.8 Mgm.), and
a decrease in the sodium and chlorides, the al-
kaline reserve and the total C02 (average 31.9
cc).
Treatment with insulin prevents the decrease
in blood calcium or causes it to rise if already
diminished. We did not, however, obtain a re-
turn to the original level in our experiments,
nor did the histological appearance of the para-
thyroid glands become normal. This was prob-
ably due to the fact that the blood sugar re-
mained elevated and the glycosuria did not
completely disappear.
The injection of parathormone caused a rise
in the blood calcium (up to 15 Mgm. in one
case), just as in normal dogs.
Extract of anterior pituitary lobe was in-
jected into the pancreatectomized animals, but
it resulted in an intensification of the diabetes
leading to coma and death in one to two days,
with a marked hypocalcemia (averaging about
7 Mgm. and in one case falling to 3.9 Mgm.
per 100 cc. plasma).
The hypocalcemia and the changes in the par-
athyroids do not occur in dogs with intact pan-
creas under conditions of simple fasting, or
after the administration of phlorhizin for a
week either during fasting or with feeding, even
though there is intense glycosuria and loss of
weight.
Human diabetes. Kraus48 has observed para-
thyroid lesions in some young diabetics, the
principal cells being poor in protoplasm, with
dark nuclei, giving the appearance of lymphoid
tissue. These are the cytological signs of atro-
phy and functional insufficiency. In adults
there is less cellular alteration. According to
Jansen44 the blood calcium is normal in diabetics
except in certain isolated cases which have keto-
nuria. In these it may fall to 8.2—8.5 Mgm. per
100 cc. (as compared with 11.5 Mgm. in nor-
mals). He attributes this fall to a loss of cal-
cium in the feces due to the acidosis.
It is premature to attempt to connect the ar-
teritis, cataracts, bony alterations, etc., of dia-
betics with an alteration in the calcium metab-
olism and parathyroid dysfunction.
THE PARATHYROIDS IN HYPOPHYSECTOMIZED-
PANCREATECTOMIZED ANIMALS
Morphology. We found with Sammartino
that the parathyroids in nine hypophysecto-
mized-pancreatectomized animals presented both
the lesions found in hypophysectomized and
those seen in pancreatectomized animals sepa-
rately (figure 5). In six such preparations there
were abundant syncytium-like groups of cells
and structureless, degenerated basophilic zones.
At the same time in extensive areas, sometimes
occupying the whole gland, there was vacuoli-
zation of the cells, the latter becoming big, and
vesicular, with transparent protoplasm. This
is the appearance of the parathyroid in the
early stages after pancreatectomy, and proba-
bly the lesions do not develop further as the
diabetes is not so intense in the hypophyseeto-
mized-pancreatectomized animals.
Calcemia. The calcemia of these animals is
lowered as in the pancreatectomized, but the
fall occurs more rapidly. Thus, in eight cases
after four days, Marenzi and Gerschman57-58
found blood calciums of 8.10, 7.6, 8.6, 9.2 and
7.5 Mgm. (average 8 Mgm.) per 100 cc. The
inorganic phosphorus rises less (average 5.7
Mgm.) than in the pancreatectomized animals;
the alkaline reserve does not change greatly
(average 54) ; the sodium and chlorides de-
crease, and, because of the hypophysectomy,
blood potassium also falls.
GENERAL SUMMARY
In the presence of pituitary insufficiency in
the dog there is cellular atrophy in the para-
thyroids with foci or zones of accumulated nu-
clei, which simulate cords, and occasionally acel-
lular, basophilic areas. These changes may be
the result of general nutritive alterations or of
the lack of parathyrotropic hormone.
The blood calcium is not altered, probably
because the parathyroid lesion is partial or in-
complete.
Anterior pituitary extract increases the size
of the parathyroids and their content of clear
cells. It also raises the blood calcium; but this
rise does not occur when the parathyroids have
been removed.
The theory has been put forward that an
excess of parathyrotropic hormone may be the
cause of human hyperparathyroidism but more
observations are necessary for confirmation.
The state of the parathyroids in hyperpitui-
tarism has not been studied carefully in large
series of cases. Adenomas have been found in
cases of acromegaly, and adenomas or enlarge-
ment in some cases with Cushing's syndrome,
but in general the parathyroids are normal or
lipomatous in these diseases, Whether the ori-
gin of the osteoporosis in Cushing's syndrome
is due to hyperparathyroidism or to the adre-
nals or to some other cause is not certain.
Pituitary extracts do not prevent or cure the
hypocalcemia and tetany due to parathyroidec-
tomy and the results following thyro-parathyroi-
dectomy are similar in hypophysectomized and
in normal dogs.
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In panereatic insufficiency in the dog there
is vacuolization, liquefaction and later proto-
plasmic disintegration of the cells of the para-
thyroids. The nuclei remain isolated, forming
tubes, rows or islets. In three to seven days the
blood calcium is lowered to levels between 7 and
9 Mgm. per 100 cc. of plasma and the blood
phosphorus increases. Insulin prevents the de-
crease of the blood calcium, but, in experiments
at our Institute, late treatment with insulin,
after the fall in calcium had occurred, was not
completely effective in raising it to normal, nor
was the normal histological appearance of the
glands restored. It should be noted, however,
that in these experiments overnight hypergly-
cemia was not controlled and further observa-
tions are therefore necessary.
In hypophysectomized-pancreatectomized dogs
the lesions due both to hypophysectomy, and to
pancreatectomy occur side by side. The lesions
due to pancreatectomy are not so severe as in
dogs in which the pancreas alone has been re-
moved though the hypocalcemia is similar in
the two groups.
The proper functioning of both the pituitaryand pancreas is necessary in order to maintain
the integrity of the parathyroids. Insufficien-
cy of one or the other of these glands results in
different changes. Although proof for the the-
ory is incomplete it may be suggested that in
hypophysectomized animals there is a lack of a
parathyrotropic hormone, which may or may
not be a specific one; whereas, in the pancreatec-
tomized animals, the changes may be due to
nutritive disturbances associated with the dia-
betic condition.
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